This is the ninth in a series of Refresher Courses initiated by the American Society of Zoologists and presented at meetings of the American Institute of Biological Sciences. The present Refresher Course is cosponsored by the American Society of Parasitologists, American Society of Zoologists, American Microscopical Society, Society of Nematologists, Society of Protozoologists, and National Association of Biology Teachers, and is supported by a grant from the National Science Foundation.
This Refresher Course is not designed as a specialized symposium for a group of experts in a narrow field. It is intended for teachers in colleges, universities, and high schools, who wish to be brought up to date on a subject outside their specialty, and for graduate students desiring general background.
The emphasis is on teaching-on presenting information, technics and ideas which can be used in teaching. The speakers and their subjects have been selected with this This Refresher Course and the publication of its proceedings were supported by Grant GE-4625 from the National Science Foundation. The Refresher Course was presented 26-27 August 1964 at the Fifteenth Annual Meeting of the American Institute of Biological Sciences at the University of Colorado, Boulder, Colorado. objective in mind, and time has been provided this evening for a representative motion picture, Filariasis in Tahiti, and for an informal panel discussion at which the Refresher Course speakers can answer questions and at which anyone present can bring up any matter he wishes in the field of parasitology.
An especially important part of this Refresher Course is the Demonstration Session which is to be held tomorrow morning. Some of these demonstrations are of new material, but many of them were designed specifically for this Refresher Course. They stress the presentation of parasites, sources of material, technics, experiments, etc., which can be used in teaching parasitology, both at the college and high school levels. Their titles are listed in the program of the American Society of Parasitologists (Journal of Parasitology, Vol. 50, No. 3, Sect. 2, June 1964) . I believe that you will find them most valuable as a source of ideas and information.
Parasitology is both a new and an old science. Some of the larger worms were known even in ancient times. The fiery serpent of the Bible which plagued the Egyptians in the time of Moses was the Guinea worm, Dracunculus medinensis. Knowledge of this worm and of the human The trematodes were probably the last group of large parasites to be recognized. Jehan de Brie, in 1379, was the first person to see and write about a trematode. This was Fasciola hepatica, the sheep liver fluke. He has been called a shepherd, but he was probably less of a shepherd than the owners of the King Ranch are cowpunchers. After all, shepherds in the 14th century didn't have more than one name, much less the aristocratic "de", much less the ability to read and write.
The first person to see parasitic protozoa was also the first to see free-living ones; Antoni van Leeuwenhoek discovered the oocysts of the coccidium Eimeria stiedae in the gall bladder of an old rabbit in 1674, and in 1681 he found Giardia lamblia in his own diarrheic stools.
Francesco Redi (1626-1697) is considered to have been the father of parasitology, or at least of helminth parasitology. In 1684, he assembled previous records of helminths and described a number of others. Interest in helminths grew in the 18th century, and Carl A. Rudolphi assembled the known information in two books published in 1809 and 1819. The first volume was 457 pages long and the second 811 pages. Rudolphi recognized 603 species, of which 460 were intestinal worms.
Modern parasitology, however, did not really begin until about the middle of the 19th century, and I am not sure that everyone would agree when I call the parasitology of that period modern.
The human malaria parasite was discovered in 1880 by the French army doctor, Alphonse Laveran; the life cycle of the bird malaria parasite Plasmodium relictum was worked out by Ronald Ross in India in 1898, and that of human malaiia independently in Italy by Giovanni B. Grassi in the same year. I he first demonstration of arthropod transmission of a protozoon occurred in 1893, when Theobald Smith and Frederick L. Kilborne described transmission of the Texas fever parasite Babesia bigemina by the tick Boophilus annulatus.
The field of parasitology is far too broad to be encompassed in a single day-or in a single course, for that matter. The great majority of phyla contain parasitic members, and parasites attack members of practically all phyla. The most common and important parasites are protozoa, helminths, insects, and acarines; but there are also parasitic molluscs, barnacles, copepods, isopods, etc. (Baer, 1951; Noble and Noble, 1964) . And these are all members of the animal kingdom. Parasites also belong to the plant kingdom-bacteria, rickettsiae, fungi, viruses, etc. The traditional parasitology courses generally cover only animal parasites of man or domestic animals or, at the most, of vertebrates, but there are other parasites that are just as interesting. This profusion of parasites-this abundance of "goodies"-makes any selection biased, but nevertheless we must limit ourselves. We shall talk today only about parasitic protozoa and helminths-trematodes, cestodes, and nematodes.
First, the protozoa. I have estimated (Levine, 1962 ) that abut 44,250 species of protozoa were named between 1758 and 1958; of these, 20,182 were fossil, 17,293 free-living and 6,775 parasitic. Of the parasitic protozoa, 1,300 species were flagellates, 3,513 "Sporozoa," 1,700 ciliates, 212 sarcodines and 50 of uncertain taxonomic position. Between 1955 and 1958 , an average of 95 new species of parasitic protozoa were described each year. Twenty-two papers on protozoa were listed in the Zoological Record for 1870, and 1,682 for 1958. Of the latter, 675 were on parasitism.
The classification of the Protozoa has been highly unsatisfactory, but an encouraging start has been made toward its complete overhauling. After several years of travail, the Committee on Taxonomy and Taxonomic Problems of the Society of Proto/oologists (Honigberg et al., 1961) has published a revised classification of the phylum Protozoa which should do much to straighten out our thinking on these organisms.
I don't know how many species of trematodes there are. Beginning in 1947, K. I. Skrjabin and his associates began publishing a series of volumes on the digenetic trematodes of animals and man. Twentyone volumes comprising some 14,500 pages have already appeared, and Academician Skrjabin recently wrote me that a total of 24 volumes should see the end of the task. These volumes are in Russian and are therefore unavailable to most of us. Fortunately, just this spring Dr. Hisao P. Arai edited a translation by Raymond W. Dooley of the keys to the first 20 volumes under the sponsorship of the University of Illinois Center for Zoonoses Research. This book contains an illustration of a typical species of each genus discussed-a total of 919 genera. One could count up the species given in the keys, but I haven't done so; it would come to several thousand. Hyman (1955) estimated that more than 5,100 species of trematodes had been described by 1951.
As to the cestodes, all of which are parasitic, Hyman (1955) estimated that at least 2,000 species had been described by 1951.
By 1930, 4,601 species of nematodes had been described, about half being parasitic and half free-living (Filipjev, 1934) . Since then, about 200 new species have been named each year (Hyman, 1955) . According to Steiner (1960) about 9,000 new species had been described by 1960; according to Hyman (1955) , about 10,000 by 1955. Hyman (1951) thought that there must be at least 500,000 species in the world. Stoll (1962) discussed the production of papers on nematodes and other helminths, basing his analysis on samplings of the USDA Index-Catalogue of Medical and Veterinary Zoology and on Helminthological Abstracts. In 1956, about 2,800 papers were published on helminths, of which about 1,250 were on nematodes of animals, 600 on trematodes, 500 on plant and freeliving nematodes, and 400 on cestodes and Acanthocephala. This was nearly 3 times the number in 1921 (a little over 1,000) or in the war-depressed publication year, 1941 (about 1,000). Stoll estimated that the annual world literature on helminths would reach 10,000 titles by the mid-70's, and that in 1971 about 2,800 papers would be published on parasites of animals-the same as the total number of papers published on all helminths in 1956.
The field of parasitology is often fragmented among the specialties of human health, animal health, taxonomy, immunology, ecology, biochemistry, physiology, entomology, invertebrate zoology, and odier disciplines, and relatively little has been done toward integration.
Advances in recent years have been rapid in many areas. The field of immunology once lagged but, with the development of technics for helminth cultivation, exciting progress is now being made. Parasite transmission from one host to another depends upon a complex of factors; weather, climate, geography, animal distribution, ecology, all play a part. Detailed evaluation of the role of each has begun, but much remains to be done. Parasites and parasitic diseases are becoming less important in man in the temperate zone, but they are still of major importance in livestock. The U. S. Department of Agriculture estimated in 1954 that parasites caused an annual loss of $939,-848,000 to the livestock industry in this country alone, and this figure has probably increased by now.
Human parasites are especially important in the developing countries of the tropics and subtropics, and Americans who try to help these countries must know how to cope with them. Malaria is still the most important human disease on a global basis. Trypanosomosis has interdicted some 4 million square miles of sub-Sahara Africa for significant livestock production. Because of trypanosomosis, kwashiorkor due to protein malnutrition is one of the great child-killers of the region. Leishmaniosis is a serious disease in many parts of the world; in some it is a zoonosis, in others it is not. Filariosis mars many a tropical paradise, and we are just now learning new facts about its epidemiology. As irrigation has been extended to make more land available for growing crops, it has extended the distribution of schistosomosis, a serious, debilitating, snailborne disease. Hookworm disease is important not only in man but also in dogs, seals, and other land and sea mammals.
Many parasites are transmissible between man and other animals, and the diseases they cause are therefore zoonoses. We have known of some of them, such as trichinosis and echinococcosis, for a long time, but we are only now discovering others. Visceral larva migrans of young children due to migrating larvae of the dog roundworm Toxocam cants was recognized as a significant entity only in the last decade or so, and the nematode etiology of tropical eosinophilia has been known for an even shorter time. Each year the life cycles of additional parasitic protozoa, trematodes, cestodes, and nematodes are worked out, and the general picture of their relationships has become increasingly clear. Biological control of economic insects and disease vectors by means of parasites is becoming increasingly feasible, and its desirability is increasing as our dissatisfaction with insecticides and pesticides increases.
In essence, parasitology is a special branch of ecology-it is that branch of ecology in which the environment is the host-but few parasitologists approach the subject from this viewpoint, and few non-parasitologists are aware of it. Pavlovski (1963) talks about the parasitocenose-the total population of parasites of all kinds in an individual host -and I think that this is a good term.
We hope that this Refresher Course will indicate something of the growth and extent of our knowledge. Even more important, however, we hope that it will provide information useful later. The field is so vast that the contributions can give no more than a few vignettes, but we hope that these will whet the appetite for more. I have selected a few useful, recent text and reference books in English. They are listed below.
